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. $P(u(x)$ ] $u$ (A)





$u$ ( $x$ , t) Fourier ( $k$ t)
$u$ ( $X$ , t) $= \int v$ ( $k$ , t) $exp(ik\cdot x)dk$ .
(A) Fourier , ,
$\frac{\partial}{\partial_{t}}v(k, t)=-\nu k^{2}v(k)-i\int k’\cdot v(k-k’)\{v(k’)-\frac{k}{k^{2}}(k\cdot v(k’))\}dk’$
$k\cdot- v(k)$ $=0$ , (B)
$v(k)$ $P[v(k)]$ , Four$/ier$
$\psi[z(k)]$
$\psi[z(k)]=expi(z\cdot v)=\int expi(z\cdot v)P[v(k)]$ $dv$ ( k).
$(z\cdot v)=I$ $z(k)$ . $z(-k)dk$ , $v(Z(k)=v^{*}k)=z*(-k)(-k)$ ( $*$ : $\Phi$”$\ovalbox{\tt\small REJECT}’\#_{\backslash }\#^{\backslash )}$
$\psi[z(k)]$







$|\psi[z(k), t]$ $|\leqq 1_{-}$ . $\psi[0. t]^{-}=1$









$\psi[\overline{z}]=exp\{-\frac{1}{2}\int a_{tj}(k, -k)\tilde{z}_{i}(k)\tilde{z}j(-k)exp[-2\nu k^{2}t]dk\}$
, .
$\Phi$ . $(k, t)=\Phi$ . $(k, 0)exp[-2\nu k^{2}t]$ ,
$i_{J}$ $i_{J}$
$\Phi_{ij}(k 0)=(\delta_{il_{2}^{-\frac{k_{i}k_{l}}{k}}})(\delta_{jm}-\frac{k_{j}k_{m}}{k^{2}})$ a $lm(k, -k)$
, 1/
(ii) $(\nu=0)^{2,3,5)}$
, \iota / ,









, $\psi_{n}$ $n$ ,
$\psi_{n}[z(k), t]=\int\cdots\int z\alpha_{1}(k_{1})\cdots z(k_{n})\alpha_{n}\psi_{\alpha_{1}}$ ( $k_{1}$ , $\cdot$ .., $k_{n}$ ; t) $dk_{1}\cdots$
... $dk_{n}$
, $\psi=expi$ ( . V ) $=1+ \sum_{n=1}\frac{i^{n}}{n!}\overline{(z\cdot v)^{n}}\infty$ ,
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$\psi_{\alpha_{1}\cdots\alpha_{n}^{(k_{1}}\{},’\ldots,$ $k_{n}$ ; $t$ ) $\frac{i^{n}}{n!}v\alpha_{1}v\alpha_{n}’ t$ ) ,
$\psi_{\alpha_{1}\cdots\alpha_{n}}$ $n$ Fourier
, $z$ $\psi$ ,
$n$ $n+1$








$\psi_{n}[z(k), t]=\int\cdots\int_{rightarrow}z\alpha_{1}(k_{1})\cdots z\alpha_{n^{(}}k_{n})\varphi_{\alpha_{1}\cdots a_{n}}(k_{1}$ , $\cdot$ .., $k_{n}$ ; $c)dk_{1},$ $\cdots dk_{n}$ ,











(4) $Re$ yno 1 $ds$
, 2 Reynolds $R_{e}$
$\psi=\sum\infty\psi_{n}$ ( $\psi_{n}$ $R_{e}$ $n$ ) , , $Re$ $n$
$n=0$
–4–
$\psi_{n}$ , $R_{e}$ $n-1$ \mbox{\boldmath $\psi$}n_ 1
, $\psi_{0}$ , , \S 3 ,
(5)
(1), (2), (3) $\psi$ $z$ , $z(k)$
Hermit $e$
(6) $E$ dwa $rds$
, \mbox{\boldmath $\psi$} ,
$0$ , 1, 2
$\psi$ \mbox{\boldmath $\psi$}=\mbox{\boldmath $\psi$}0+\mbox{\boldmath $\psi$}1+
2 $0$ $\psi_{0}$ - $\psi_{1}+\psi_{2}+\cdots\cdots$
2
$\psi_{n}$ $\psi_{0}$ Hermit $e$ ,
, -
Edwards Kolmogorov o







( $v$ ( $k$ , $t$ )) Wiener-Hermite ,
, ,




Rosen15) $\dot{T}$ aOrski 1) Rosen propagation ker-
nel Feynman path integral 16) Tata-
rski , Four $arrow$
,
Tatarski
f\S \S 5. Tatarski
Navier $-S$ tokes Fourier
$\frac{\partial_{v}i^{(k\cdot t)}}{\partial_{t}}=Q_{i}$ [V $(k,$ $t)$ ; $k$ ] $-\nu k^{2}vi$ ( $k$ , t)
$k_{i}vi^{(k}$ , t) $=0$ , (1)
$Q_{i}[v(k, t)_{\dot{r}}k]=B_{l}v$ $t$ ) $vi^{(k-k}$ , $t$ ) $d^{3}k$
$B_{l}$ $ij^{(.,k)=-}ik_{l}(\delta_{ij}-k_{i}k_{j}/k^{z})$ .
$k_{i^{v}i}(k, t)=0$ 2 , 3
–6–
, $k_{i^{v}i}=0$ m *X ( $k_{i^{v}i}=0$ ,
$t$ 1) $k_{i}$ $\frac{\partial}{\partial_{t}}(k_{i^{v}i})=-\nu k^{2}$
$(k_{i^{v}i})$ , ’ $k_{i^{v}i}(k, 0)=0$ $k_{i^{v}i}(k, t)=0$ )
$gi^{(k}’ t$ ) $=0$
$vi(k, t)=exp(-\nu k^{2}t)gi(k, t)$ , $gi^{*}(-k, t)=gi(k, t)_{0}$ (2)
(1)
$\frac{\partial_{gi^{(k,\iota)}}}{\partial_{t}}=exp(\nu k^{2}t)Q_{i}[exp(-\nu k^{2}t)g(k, t) ; k]$
$(3l$
$gi^{(k}$ , $0$ ) $=vi^{0}(k)$ , $k_{i^{v}i^{0}}(k)=0$
$vi^{0}(k)$ random field , ,
$\Phi_{0}[z(k)]=<Z[z(k) ; v^{0}(k)]$ $>v^{0}$ , (4)
$zi^{*(-k)z}i$ .
(2), (3) random $vi(k, t)$ random field ,
$\Phi_{t}[z(k)]=<Z[z(k);v(k t)]>_{v^{0}}$ , (5)
$\psi_{t}[z(k)]=<Z[z(k) ; \mathfrak{g}(k, t)]>_{v^{0}}$ ,
(6)
$\Phi_{t}[z(k)]=\psi_{t}[z(k)exp^{(-\nu}k^{2}t)]$
(5), (6) $<$ $>_{V^{0}}$ $v(k, t),$ $\mathfrak{g}$ ( $k$ t) $V^{0}(k)$ ,
(6) , (3) , $k$ ,
$D_{j}(k, t)=exp(-\nu k^{2}t)D_{i}(k),$ $D_{i}(k)=\delta/\delta_{z}i(k)$
(7)
$zi^{(k}$ , $t$ ) $=exp^{(\nu}k^{2}t)_{Z}i(k)$




(8) 2 $\pi$ $\frac{\partial\psi_{t}}{\partial_{t}}=H(t)\psi_{t}$
(9)
$H(t)= \int d^{3}k_{1}\int d^{3}k_{2}Bl,\dot{l}\dot{\int}(k_{1}+k_{2})zi(k_{1}+k_{2}, t)D_{l}(k_{1}, t)D_{j}(k_{2} , t)$
(9) . $Sch$ roding $er$
.
, $zi^{(k)},$ $D_{i}(k)$ $k$ $\sqrt{}$
$H(t)$ $\psi_{t}$
[ $A,$ $BJ\equiv AB-BA$
$|’D_{i}(k),$ $Zi^{(k’)}$ ] $=\delta_{ij}\delta(k-k’)$
$(10\{$










$= \int\cdots\int f_{i_{1}\cdots i_{n}}$ $(k_{1}$ , $\cdot$ .., $k_{n})zi_{1}(k_{1})\cdots zi_{n}(k_{n})d^{3}k_{1}\cdots d^{3}k_{n}$
(12)
$H(t)$ $\theta_{n}$ 1 , (11) $S(t)$ $n+$
1 $\theta_{n}$ $0$ , (12)
, (11) $n$ , $\theta_{n}^{A}$




$S(t)=T(K)=Texp[ \frac{1}{2\pi i}\int_{0}^{t}H(\tau)d^{\tau}]$ (13)
$T$ chronological operator , (13) $exp$ ,
$H(\tau)$ $H(\tau)$ operato$- r$ , (13) $exp$
(11) operator (13) normal f $0$ rm (la
operator normal form , operator $zi(k, t)$ ,
operator $D_{i}(k, t)$
$S(t)=N$ { $(exp\triangle)$ . $K\}$ (14)
$\triangle=\int d^{3}k\int_{0}^{t}d\tau_{2}\int_{0}^{T_{2}}d^{\tau_{1}}exp[-\nu k^{2}(\tau_{2}-\tau_{1})]\frac{\delta}{\delta_{Z}i(k,\tau_{1})}$ $\frac{\delta}{\delta D_{i}(k,\tau_{2})}$ (15)
(4) $\Phi_{0}$ operator(14) $S$
$\psi_{t}[z(k)]=<N\{(exp\triangle)\cdot K\}\cdot Z[z(k) ; v^{0}(k)]$ $>v^{0}$ (16)
(14) , operator $D_{i}(k, t)$ $zi(k, t)$ $Z$ ,
$D_{i}(k, t)arrow 2\pi i\tilde{v}i(k, t),$ $\overline{v}i(k, t)=exp(-\nu k^{2}t)vi^{0}(k)$
(17)
(17) $-$ ,
$Harrow\tilde{H},$ $\overline{H}[z(k, t);\overline{v}(k, t)]=-4\pi^{2}\int d^{3}kzi(k t)Q_{i}[V(k,, t);k’]$ ,
,
$=<\tilde{S}_{t}[z(k, \tau) ; \tilde{v}(k, \tau)]Z[z(k) ; v^{0}(k)]>v^{0}$ (18)
integral continual integral
$F[f(x)]$ , $(a\leq_{x}\leq b)$ continual integral
$\int F[f(\xi)]Df_{narrow\infty}^{(\xi)=lim\int\cdots\int F(}f1$ , $\cdot$ .., $f_{n}$ ) $(\sqrt{\triangle x}df1)\cdots(\sqrt{\triangle x}df_{n})$ (19)
$-9-$
, $\triangle x=(b-a)/n,$ $Df(\xi)=\Pi\xi$ $d\xi\sqrt{df(\xi}$), $F(f_{1}, \cdots, f_{n})$
$F[f(\xi)]$ , $f_{1},$ $\cdots$ $f_{n}$ $\delta$
$\delta_{\infty}[\varphi(\xi)]=\int exp[2\pi i\int f(\xi)\varphi(\xi)d\xi]\mathscr{Q}f(\xi)$ (20)
$\int F[\varphi(\xi)]$ $\delta_{\infty}[\varphi(\xi)-f(\xi)]z_{\varphi(\xi)=F}[f(\xi)]$ (21)
(20), (21)
$F[f( \xi)]=\int 1)\varphi(\xi)\int D\psi(\xi)F[\varphi(\xi)]exp\{2\pi i\int\psi(\xi)[\varphi(\xi)-$
$f(\xi)]d\xi\}$ (22)
, 3 $O1aarrow-\infty$ , $barrow+\infty$ f, $\varphi,$ $\psi$ (real function)
Fourier $f,$ $\varphi,$ $\psi$ (comp lex function) (22) $exp$
$\int\psi(\xi)[\varphi(\xi)-f(\xi)]d\xi$ real , $Df(k, \tau)=$ $\Pi\sqrt{d^{3}kd\tau}$
$k,$ $\tau$
$df(k, \tau)$
$\overline{K}_{t}$ $\propto_{i^{(k}}v,$ $\tau$ ) continual integral
$\tilde{K}_{t}[z(k, \tau);\overline{v}(k, \tau)]$
$= \intrightarrow 0^{3}a(k, \tau)\int \mathscr{Q}^{3}A(k, \tau)^{\text{ }}\tilde{K}_{t}$ [$z(k,$ $\tau)$ ; a $(k,$ $\tau)$ ]
$\cross exp\{ 2\pi i\int d^{3}k\int_{0}^{t}d\tau Ai(k, \tau)[\overline{v}i(k, \tau)-a i(k, \tau)]\}$ (23)
, $a^{*}(-k, \tau)=a(k, \tau),$ $A^{*}(-k, \tau)=A(k, \tau)$
(23) , $zi$ $vi$ $exp$ 1 \sim \triangle $\overline{K}_{t}$
, (23)
$L_{i}( A(k, \tau);t^{J}]=\int_{t’}^{t}exp[-\nu k^{2}(\tau-t’)]A_{i}(k, \tau)d^{\tau}$
$\sim\triangle$
$zi$ ’ vi- \sim \triangle ,
$exp\overline{\triangle}arrow exp$ { $\frac{1}{2\pi i}\int_{0}{}^{t}\tilde{H}(L[A(k:,$ $r)$ ; $t’J$ ;a $(k,$ $t’)]dt’-$ }
$=K_{i}[L[A(k, \tau’) ; \tau) ; a(k, \tau)]^{c}J$ (24)
(24)
$S_{t.-}[z(k, \tau);\overline{v}(k, \tau)]$
$= \int D3a(k, \tau)\int X^{3}A(k, \tau)\overline{K}_{t}$ [ $z(k,$ $\tau)+L$ (A$(k$-.’ $\tau^{J})$ ; $\tau$ ] ; a $(k, \tau)$ ]
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$\cross e\alpha p$ { $2 \pi i\int d^{3}k\int_{0}^{t}d^{\tau}A_{i}(k,$ $\tau)[v\sim_{i^{(k}},$ $\tau)$ -a $i^{(k},$ $\tau)]$ } (25)
(25) a $(k, \tau)$ , $Fe$ ynma $n$ (25) a $(k, \tau)$
$C_{t}$
$c_{t}[ z(k, \tau) ; A(k, \tau)]=\int 1)$ $3a(k, \tau)\tilde{K}_{t}[z(k, \tau)+^{1}L$ [A $(k,$ $\tau’)$ . $\tau$ ] ;
a $(k, \tau)$ ] $\cross exp\{-2\pi i\int d^{3}k\int_{0}^{t}d^{\tau}A_{i}(k, \tau)$ a $i_{-}^{(k}’\tau$ )} (26)
(26) $a$ $i(k \tau)$ 2 ( $\tilde{K}_{t}$ ) 1 $a^{-}i^{(k}’\tau$ )
$=a$ $i^{0}(k, \tau)+ui(k, \tau)$ , \emptyset 3 $a(k, \tau)=D^{a}u(k, \tau)$ $ui(k, \tau)$
, $ui(k \tau)$ 1 a $i^{0}(k, \tau)$ . convolu-
tion type , Fourier (
$\int exp[iF(a)]da$ ( $a$ : ) , $F(a)$ a 2
fexp $[iF_{0}(a)]$ , ( $f$ , $F_{0}(a)$ $F(a)$ )
)
a $(k, \tau)$ 26)
$C_{t}[z(k, \tau) ;A(k, \tau)]=M[z(k, \tau)+L[,A(k, \tau’) ; \tau];A(k. \tau)]$ (27)
,
$M$ [ $f(k,$ $\tau)$ ; A $(k,$ $\tau)$ ] $=Q_{0exp} \{-\frac{\delta_{4}(0)}{2}\int d^{3}x\int_{0}^{t}d_{t’}lnT$ [f$(x-, t^{J})$ ; $1$
$A_{j}(k_{2}, t’)\}$ ,
$T=D_{et}||\tau_{ij}||$ ,
$\psi_{t}[z(k)]=<G_{t}[z(k \tau) ; A(k \tau)]$ . $exp \{2\pi i\int d^{3}k[Zi^{(k)v_{i^{0}}}(k)$
$+ \int_{0}^{t}d^{T}$ A $i^{(k}’ T$ ) $exp^{(-\nu k^{2}\tau)_{v_{i}^{0}}}(k)$ ]} $\circ D^{3}A(k, \tau)>v^{0}$ (28)
$z(k)arrow exp(-\nu k^{2}\iota)z(k),$ $\psi_{t}arrow\Phi_{t},$ $z(k, \tau)=exp(\nu k^{2}\tau)z(k)$
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$\Phi_{t}$ ,
$\Phi_{t}[z(k)]=<\int G_{t}[z(k)exp[-\nu k^{2}(t-\tau)] ; A(k, \tau)]$
$\cross exp\{2\pi i\int d^{3}kv_{i^{0}}(k)[zi(k)exp(-\nu k^{2}t)+f_{0}^{t_{exp}}(-\nu k^{2}t)A_{i}(k, \tau)d\tau]\}$
$\mathscr{Q}^{3}A(k, \tau)>v^{0}$ (29)
$\Phi_{0}$ , (29) $v_{i^{0}}(k)$ ,
$\Phi_{t}[z(k)]=\int C_{t}$ [$z(k)exp[-\nu k^{2}(c-\tau)]$ ; A $(k,$ $\tau)$ ]
$\cross\Phi_{0}$ [ $z(k)exp(-\nu k^{z}t)+L\zeta$A$(k,$ $\tau)$ ; $0$ ]] $1)^{3}A(k, \tau)$ $(30\{$




$l\nabla_{i_{\dot{J}}}(k)$ $fs$ /\mbox{\boldmath $\nu$} , $t=0$
$\nabla_{0},$ $L_{0}$ , $V_{0}^{2}L_{0}^{3}$ o .- . $\nabla_{0}L_{0arrow\infty(}R_{0}arrow\infty$ )
$\Phi_{0}$ $z=0$ $z=0$ $\delta$ $\Phi_{t}$
$\Phi_{0}$ $G_{t}$ $\Phi_{0}$ Gaussian , , Gaussian
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